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£1 

44 ±.7±, ^§44 44S, ^4 LED, 44 44-2-H, ^4 444 

^/##^ 

4 4*34 44 3fe 44 4444, 44 4l^>7> ^11 idjES ^Qj^A] 444^, ^4 444 

£4 44 4S44<§4 ■Si 4£[|444 ^4 o] qttSU ^ 3\6\Sl 444^ S4 44 44 4;44 444 ^ 
44 4443. 314 4^ 4444 444fe ^44# 4 £jl flfe 44 444 44 

»M4# 

44 44 44^, 44 #4 -^4 LED, -8-71 LED, 3144 44^, 44 44 44 4 4^ a]M 

« 7 j 44 g^E S ^444^ 4f~44. 

LED^r ^ ^^ol 457, 4^ 444*1 4^14 ^ofl 44^ ^4 #4 4^44 4444m 

444 4444- 

44^ ^iiEd 4^4 4444 LED ^44 *4 7-115-4 ^44 

44 1-7L4444, aia^^^s^-i 4«"fi §14. 434 444 444 7J44 4444. 

^4 7i# 4^4, 4^444^, 44 444 4 sife 444^ 4 44 4*4 s\n ^ &4. 

M^as 4 4444 4#£ 444 444 444ai $U, 4 44£ 444 ^44* LED 44 44 444 
4. 44 ^44^r 4 444 44* ^4 ^ £1^444^4* 4-1- tf^l«s. 4*44. 

^44^4 44-4 444* 444 ^ 5fl3, -¥"7l7fl» A>-g-§ ^J£ ^4. ^7} 4^-4 £444 4^ £ 4 
444 H1«H 4^344 £4 JjL 7 | LED-4 4 44 4€44, 444 44 4^* 3-444 ^7}7\}7\ 

4444. 

7}^-4 4444 444 4 .£-4 4 t4w 4fe 4 4-£€r1-7fl ^1 ^^j- 7l^r(Wachstumzeiten)^- ^ -fj-7l4 ^ 

^ tfl^°fl, -¥-713 3* ?>S.» A>-g-sfe ^Jol -fj-e^ 5)^ ^^S>4. ^7] PfljEL^i #i !#<H^3L, 

H^t LED 4 <5 1 ¥^^4. 

^7lf 4^]7l^ ^71 ^7)- 214^ ol-a-S.^. m^l^i^fe YAGfl-S^-^4 

4 £-7} ^1^: 4-§-44. ^4, °1 xflS-^fe ^-4 ^s.7> 560 inn ^14^ ^ a|tfl^| a) 3 ^ 

i fe^r S^:^- 44^^1 #711 H]°l $14. °14 ^ 6 l-fr5LJf^ ^ Ajj 40I oje(450 Lflxl 490 nm)4 Y 

AG °jat ^-8-4^ ^}7}^ i^^sl «fl^^l ^ $14. ^-«1 2:^ &°H-*1^ tfl*IHfe ^1* 

£ S ^^fl^i ^« 4^- fe^ -a-^7> ^l^oi^, o] 4^1^°)!^ <M-8-£U 5Ufe leds 4 

^4 ^4. 

^4 WO 00/33389^^ LED* °l-g-4<^ ^^J! 6 !! 7>4^r <£7\ ^-§1 Ba 2 Si0 4 : Eu 2+ 7> ^4 

^11^4 Af45]^ 40I -^4<sl4. Ba 2 Si0 4 : Eu 2+ 4 505 nm, ^ a]a^ 44^1 gi ji, n 44 °1 H 

^444711 44. 

ii.ollol^.^.^ol(s.H.M.Poort) $\<H 4* fc*. "Eu 2+ *^44 #4 ^ (Optical properties of Eu 2+ -a 
ktivated.) 2974 d 14°ll4^ Eu 2+ 3. *^44 Ba 2 Si0 4 ^ i» Ir'H KBaP0 4 4 KSrP0 4 4 44^1 4 

4e)<^ 44. SL4 47I ^4°114^r Ba 2 Si0 4 S\ ^0} 505 nmi flfc 5J°1 4 < ?14 d l $14. 27114 44^4 

tf^r 4°fl 4*11 M^S 44 44(420 nm 44 430 nmH $14. 

^-4^4 4^ 444 44 441- ^44^1 44 41 444 444 ^ ^4 444 €444 4^4 
i 44 S4 44444^ S4s 4^ 44 ^ 4 fe^ 44 444 444 4^4^ 44^, 4 ^4 °^4 
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Sl^-s 314 44i 44^ CIE-44 44 ^ ^ 3\*\7\ 4 2600 K4 7000 K 4°14 ^fl-f 5-44 ^££^1 ^ 

vfli £Ur ?H 4344. 

4?1 4^1fe 4714 44 4*H ^1 «fl *£3th 4^1 4 = 4, ^4# HV5L^lS °1^<>H^ 44 J;44, 4 
4 444 ^ <S41 444<>1 a #44 *5l 444 4= sf^- 4^ «J4 444^r $^*H# 4*14 4 

4 4*H S^fe 43#(europium)A£ 4^44 443 £4 44 ift^AS o] ^44. 

^4^7}, ^ : 

(2 - x - y)SrO • x(Ba, Ca)0 • (1-a-b-c- d)Si0 2 • aP 2 0 5 bAl 2 0 3 cB 2 0 3 dGe0 2 : y Eu 2+ 
(i\ 0 < x < 1.6, 
0.005 < y < 0.5, 
0 < a, b, c, d < 0.5$) 
3. 44^ 27H 434AS 4^4€ 443 E4 ^4 4H44<?1 ^/ife 

(2 - x - y)BaO ■ x(Sr, Ca)0 - (1-a-b-c - d)Si0 2 • aP 2 0 5 bAl 2 0 3 cB 2 0 3 dGe0 2 : y Eu 2+ 

m 4, 0.01 < x < 1.6, 

0.005 < y < 0.5, 

0 < a, b, c, d < 0.5<3) 

3. 44^flfe *t2r£\ Sfl- ^4 4M44<?H4:£ #4. °1 34, 434^1 a, b, c S d*| a * 3<HE- 447)- 0.01 

sl4 a4. 

3 , Al 2 0 3 ^/Hife B 2 0 3 JE 44 ^S^l^l <§44 4jl, =l 44 ^-71 i^e^ 4^ 444^ % 

4 i 7>4 3=g«M| 2^*^ $14. 

434?l] 434 44 27H ^-a|f. ^/g^ MAS «444 4§3 £4 44 t^ D J^^ ^s^- 
33 4^ ^43] YCV, P, Si)0 4 : Eu 3=fe 443 : 

Me(3 - x - y)MgSi 2 0 3 : xEu, yMn 

(3 4, 

0.005 < x < 0.5, 
0.005 < y < 0.5, 

Me^r Ba ^/afe Sr ^/ife CaS 43^) 
AS 44^ 443 E4 ^4-4^1 4" 3 44^ : Eu 2+ , Mn 2+ 3 5-°_s4 be. 4= 447H 444^ 

£t, ^43 17> 34, 43 4s314-§-3 ^14*11 34 4^ i^33 9X^± 1^4£ ^ « 0 u>^i tfl^| ^ 
el44^^°l ^=1^4. 

^111 i^egi ^03 01 300 ifl^l 500 nm^l Jg-ffe -fi-344. °1 4^" ^^^l ^4 ^^fe 4^4^ 

^7l€ ^ S14. 

£t, ^2 430 nm vfl^l 650 inn ^1 ^-ffe tM44. °1 ^-y-ife 4^a) £^4 

S14. 

4514711 4^- 4^1 RaS > 721: ^^!44 4444. 
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£1-8: 4 4^ «Hf #*13 412 4^ ^Hflo)l 4ft LED ^ = 4 44£°14. 
JE2^ -Eli E^ft SjAfl LED -21 # 4 A 34 EAlft 4451614. 

£34 4 4^ £X\ ^Eflo)] :Q.ft gig #;*|4 (a)fe *J4£, (b)fe (a) 

3] A-A4 44^44. 

E4^r 4 4^ 44 ^l-s) 414 4*1 He]H1 4ft SMD(Surface Mounted Device)^ LED 1§=4 44E°1 

4. 

-£5fe 4 4*3^ 44 4*H 415 4*1 «J4H1 4ft LED 44£< :, 14. 
5.64 444 Ji^l 4i^H 441 4 0 l-2-^# °14ft ^-f sJS£«14. 
5L7^ 444 ili i^H ^8*1 # 44ft ^-f ^ ^4 ^SJE<>14. 
£84 4 i|}-t|^ ^ ^Efli :£ft ft5141 44 4*1^ 44^4 4. 

4 4^3 411 44^1 Hflo 6 Hl n}a^ j g£ 27l)3 j 4^ $3L 4 %S(. ^o] ]^ 

51 Sfl- ^4 4S44<§ ig#7)H4. ol ^ £aj « 4^7} 4*1 T^ft^] S ^ ^ 014. 

4 4^1 44 44 44^ 7l7lH<?l tflsfl 7^4 Efl^ofl n^5^, 1711 L 

ED ^4 4#7j Lflo] 71* #i 4434 £U, £ft *g44l7> ftA}^ #ofl Bfl^SH olfe iffl^ 4?d\] & 43 0I4. 

1711 o]#3| LED ^4. ftA>7j iflo] 7lft#a|l Ufl5q^<H SUjI, a* ^4417} #4 #A>^6(1 ^315] ^ 

43441 #71 LED 34 4 S-43 tgAj.^ 4434 5ft4. # 7 i ^4£h 

i= ft &r*\}^ 7\n q 4. lit ^^31, JEft 4€r aoflA-lfe #71 444 344H±r C14- #ftA} 7 flAift 

4 (LED 443 4144 ^#). 

#71 *§#^m ^^-g- flshSrH ^#5) o\ Sl^li #J7, o] ^^--g- 34^011 7>^ft ft 7>i7> 7}^ 

*\t= °i 7]3& #°11 LED ^4 #5lBl ^S7> %^5)JL, °}7§^- #71 f-SH €^ #7l 

= fe 2\4 O.l^f" 4^ ^€1-* Sfe^. #71 ^)«)| LED 4°l7> 7>^<H^ ^<H£ n 

34 #71 led 4°i7> ^ft ^^--g- *^si<h 5a^(^ °i ^ft ^4^4 ^#41 

» ft-n-*Hr ^4^£7> a^HSfi Sfl*) 7451 7>^#4. ^A}ft ^^#ofl 3 ?fl £ ofl *| ^ ^ ft ^ 

#^i 7i si gt|.. 

^elftTll ^fla^ ^ ^ 4«^ei _<5_s-^i- ^-jl °U, #71 i^fe #71 H#^- 34*^11 s\n % 

AiSlo] Sl3.,n^4LEDol?llfl7l§elPl <a^3.-!f^ eit 71 5lS. jU§5|«H 514. o]^^6\ S>^ > 7l7^H^l ^ 

S^l H7H; 7j-iAl?J ^ OJ4. 

^^1^1 SUft ^3£# il^ft7l ^stl, ^#^171 ^-el47ll ^7151 lEaAi^] ft^oi 74^ -frelsl-4. 

27fl°l ^#4]7> A>^-51^ ^^oll^ 2 7l$\ %%^7\ AA^\ ^flH^i ^^°] 5iU, <>1 7^ S. ,]|EBjA 

7> «5l ^14 ff«S AlS Al^fta| Hpl2|Ol 74^ -fl-elft4. o]oH ol^l pfl^^iSl ^E^r 4^ ^#^1« 

^1 S-ftAl?! Tg^l Tj-^A]^ ^ 5*14. 

4-B-°ll, ^ ^21 71U AjAl EfloHHsi ^#^(| 41^ ^ft 4i^^4, 

fl-ft^ ^#41^1 Til ^# A d^* ^41 4^1 #^ 1-^ s^- ^ 4#^, olftsHHi S 
#^1 4ft "9=^^- ^ftTil -Sftft^i, aft ^#^4 4^ #■§- 3-41 ft^S- 4ft a^ ^471 ft^Ai ^5L 1100 
°c ^ 1400 "CiA^ ftft^ ^#4ls. i£4ft4. °1 ^, 1^4-^41 $|<4Ai, ft-§- ^ft#i ^j^r «l#s., -^4441 0.2 
# ^14^1 Hi^^L «44£^ 4# 4^4141-^ ^7>4fe 5?^r 4^144. 44a1 fl-i^l 41 = 
4ij-, ^fc, 44^1^-, 4-°s A144 ^e Sli, 4&l#5i 44as ^144 ^e Sl<H, d 1^4 ^sil 44 
#s £*J|*Hr #4 4^ 4t# o] #^Eg: ^ 7 hi ^-g(| ^sfl44. 6 1 ^4ife, 44 ^4^1 ^4fe 4^144. 

ol^Tll ^41 4 44^4 44 510 nm 414 600 nm4lAl 4A>ftji ; ^ft no nm44^l 44^1 44 4^4- 
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47)4 ^iLSJf El 5] * 44 *7lf &±3,^ 44°H 27^ 

S/a^cr 443 £f ^4 4^4^ ^ Y(V, P, Si)0 4 : Eu 2+ S\ ^±3,^^ £ 4& 447fl 

444fe ^844 Y 2 0 2 S : Eu 3+ , ^ASL-?-^ tf-g- ^Sfl 4^r 44 

>A ?A ^ ^tW^ o]^^ 4^-2] ^ahhh 44^2. flfe 44 44. 

T = 2778K(464 nm + Sr L4 Ba 0 . 6 Si0 4 : Eu 2+ ) ; x = 0.4619, y = 0.4247, Ra = 72, 

T = 2950K(464 nm + Sr L4 Ba 0 . 6 Si0 4 : Eu 2+ ) ; x = 0.4380, y = 0.4004, Ra = 73, 

T = 3497KX464 nm + Sr L6 Ba 0 . 4 Si0 4 : Eu 2+ ) ; x = 0.4086, y = 0.3996, Ra = 74, 

T = 4183KX464 nm + Sr Lg Ba a08 Ca 0 . 02 Si0 4 : Eu 2+ ) ; 

x = 0.3762, y = 0.3873, Ra = 75, 

T = 6624KC464 nm + Sr is Ba M2 Ca 0 . 08 Si0 4 : Eu 2+ ) ; 
x = 0.3101, y = 0.3306, Ra = 76, 

T = 6385K(464 nm + Sr L6 Ba Q 4 Si0 4 : Eu 2+ + Sr 0 . 4 Ban Si0 4 : Eu 2+ ) ; x = 0.3135, y = 0.339 
7, Ra = 82, 

T = 4216K(464 nm + Sr lg Ba 0 . oa Ca ao2 Si0 4 : Eu 2+ ); 
x = 0.3710, y = 0.3696, Ra = 82, 

3954K(464 nm + Sr L6 Ba 0 . 4 Si0 4 : Eu 2+ + Sr 0 . 4 Ba 1-6 Si0 4 : Eu 2+ + YV0 4 : Eu 3+ ) ; x = 0.375 
6, y = 0.3816, Ra = 84, 

T = 6489K(464 nm + Sr L6 Ba 0 . 4 Si0 4 : Eu 2+ + Sr 0 . 4 Ba ljB Si0 4 : Eu 2+ + 4 J f-444f-4:^14 : 

Eu 2+ ) ; 
x = 0.3115, 
y = 0.3390, Ra = 66, 

T = 5097K(464 nm + Sr 16 Ba 0 . 4 (Si 0 . 08 B 0 . 02 )0 4 : Eu 2+ + Sr 0 . 6 Ba u Si0 4 : Eu z+ ); x = 0.3423, 
y = 0.3485, Ra = 82, 

T = 5084K(464 nm + Sr Le Ba 0 . 4 (Si 0 . 08 B 0 . 02 )0 4 : Eu 2+ + 

Sr 0 . 6 Ba^ Si0 4 : Eu 2+ + 4^44^^:44^14 : Eu 2+ ) ; x = 0.3430, y = 0.3531, Ra = 83, 
T = 3369K(464 nm + Sr L4 Ba a6 Si 0 . 86 Ge 0 . 05 0 4 : Eu 2+ ) ; 
x = 0.4134, y = 0.3959, Ra = 74, 

T = 2787K(466 nm H~ Sr^4 BaQg Siogg P0.02 O4.01 * Eu 2 )> 
x = 0.4630, y = 0.4280, Ra = 72, 

T = 2913KX464 nm + Sr L4 Ba a6 Si a9g Al 0 . 02 0 4 : Eu 2+ ) ; 
x = 0.4425, y = 0.4050, Ra = 73. 

£ 4^3 44^1 4*1 n<$$ ^-f°flfe, ^44-^ 444 4°1 4*134. 

I7fl o]J££H LED ^4 7}% S^44. -8-71 LED 4°ll 3 ^(4 ^MHtt LED ^ Mf 414 4^ «H 

*\$= LED #^4^ U4 Ji4 4£4?ll 4»*m ^ oi^a- 47] fl^B) H^-g- ?fl£# 4^ 4^ 444 

3 ^Efls BP144. °1 444 ns-^= 4 44 ^44 t£ 5tU, #7| m^g-4 a.£ led* ^ItUf 

4 171)51 ^14^ #4. d 14 4°1 4^ 4«14 7l*4 «ia>^ ifl^i ^]^7]^, se^ #7] 44^4 47] LED ^ 

^*4. 
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Aj-7l -8*1*4. * ^=4)3 43 fefe 433 l±f £13 A}-g-Hl J7, t±% ^)^^= 43 $2. 

43 343 4^7} ^<344. 44 44 44 43 €^fe 443431 a* 433 qi44 §4. a o v 7 ] ^-sfl 
43 4£fe 334(4344 it)* 44 44 44 ^44 4)41 J£4 t4t(t^f)^s *3344. n 4 

4, ^ %AS^- t33 flfl^S] ojAj-^ 03^ ^ oJ4. ^a. E-^ jg^ £ 44 4H 33fe £4 443 

34 £4* 43 >S^3 4433 £ 4433 33 4£44. 314 4433 33 43 £34 344 43 fe£ 
6 JWf 33331, 13 £^ 44 444 3443 44;S4. 

44fe 43, 4 LED 3 43 4434 333 $14£ #3i, a* 43 443* f^As 44331, a*!; ^7} 
44^ 443 4 4* 3 43 431 44] 41344. 

£33 44 43* 3 4! LED 343 LED d\$6\$ A}-g-«}^ 3°. 4344. * 433 4^ 43 

343 3434 33 €4* LED 34 zj^j 7lfl:4oH 2^5)^ LED 43433 444 7 ,41 4344. 

led 434* 144 34*14411- &4 343 43 )«■ 3444 4* 35-H11- #4 pmma)£ 4443fe 
434 433 3^11 3444. 47l 433 as 3 43 144 34*h3 7}^4 4 544 #41-4 4 
£4, 4 34 3434 Xl£4 4333. 43 144 344^ 433 *M 3333 ^3 £fe 3433 0.4 
4 43 ^7fl44. 4 £443 33fe 471 ^J44 34*^ 43 334 tl a l 4434 $14fe 3413 ^JflL^ui, 
a* 443 4 333 3«fl 4£41 43 ffl «>1 4434 34 4 44 £^1 4 $14. 44fe 43 434 431 
4fe 434 144 344^£ 444 4 Sis, £4 3433 334 #14 4434 3fe 4?1 ^.44 ^44^. 
* °1444 47l 4e]4 ^44 4 Sl4. 

27l]3l 4^ ^4^7> 44=U Sftfe, 4*1 43:4 ^a114^4 4fe LEDi $14^, s li ^4^1* 4^ 4 
4^1 nflEBj^ ^ofl 44*l?lfe ^ 4M31, 4» ^4^11- t£S 44^41^4 £4 i7flfe ^o] 4344. 6^ 
^^^tl 44^4 44^1 ^>£4 ss^l^i 3i«ii ^ 5^ ^4^11 4*1 «H444. 4, 3443 44^1 44 
^ 44 =341^*11 3«fl ^S^44fe 4431, 4 7%°- f;4 444 44 ^444 : ^, ^4^1 

i 34 LED 443 *Ai ^4^113 ^-4, A2 ^4^1°ll 34 ^4^113 44 44 ^ ^2 ^4^113 44. 4 
4 4^14 f-43 HS-Aflii 5i4^i, 443 ^431«- ^3 ^4 44AS ^444 «fl^l4fe 44 4^431, 
zieltb 4S 3^11 444 ^431* 4^4tI1 44^14 ^4^4^ ^4^)13 4£« 4^m 4 S14. 

4 43 43 i<Hl 4^3fe 4* 434. ^43lfe 1-513 4^ 44 44) 4i ^^34 &4 

i ^4. a^ 7 ] led 44 441 33 «fl34 451 4^4 444 ^44Hal a4 4i «1134 4£ 5U 

4. H14 43 ^4^« 44 0 d43 4^)1 443 ii^i 441 sH4 4^ 44. 4i 3*fl iS3^ 44133 ^ 
7 J-4 43331, £t 3<a4 444 ii#s)4. 

44, 444 iS43^il4i 4fe ^4^1* 44 34i^(LED) A>-g-§>^ i« H4 4^143 4 
344. 

£1* 4 433 44 433 32 43 3 3°ll S4 LED ^^3 S-3 43^431, 4^4 €^ 3^3 LED f£ 
1- £344. GaN3 4-£3s 4443fe 33 LED(4)fe 33 led(4)3 444 led ^S3 Wis. 443 3 fe 
443AS3S1 344 7 ^44fe ^(10)4 334 414^^(3)41 44^(5)* 333 44^4. 33 led(4)3 4 
s 444 ^ 2£33(2)4 € 43 3-44(7)41 3«(1 34431, 4^ 43 444 3^ S3°J(D4 
4 43 344(6)3 33 3444 33 led(4)# 3l33- 7 1 3^ sl^ 433 34 43(84? 3(10) 3« 344 
4. J£4, 3^ H33(2) 3 414^3(3)4 334 3^ ^3 3 (1)4 47113 34 43(9)s ^444. 433, 
33 LED(4)fe 34 43(8) 3 34 43(9)s 4*^s 4444. se4, 414^3(3)4 3^ =33(D* 44s 
e]^43i£ 4344. £t, 33 LED(4)3 34 434 43* 4444. 

343(11)1- 444fe 34 43(8)fe 3(10)3 44 £333 434£4£ 43 3(10) 343 44333. 4 
ofl 33, 443 LEDlr 5-344 334 343 led 401 3 4434 4343 44, leds ^4 3^4341 4 
444 34£7f #^ 444 34 4 $14. 

34 43(84r 314 43 4333fe 43^- 43 £fe 4143 43* 3444. 34h 34 43(84r 43 27> 
sl 43#A£ 43 4€ 443 £4 ^4 4H^43 3/£fe 443 £4 44 4£*434 434££ 4^ 3 
43(n)7> 4334. 4 343(ll)fe 344 44 44 i£4334^ ^4* 43i, 33 LED(4)7> 444fe 4 
4 4444 444 33 444 4^ 443 ^4 4444. 
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4^ =r4(8)^4 443^ 44^- -44 a^ 4144 =r4 444) 44^ 441 4-§-*fl£ $4. 44^ 4 
4^ 4#44 -f«r« 4441 44 LED(4)4l 4^14 4^3 4^4 *|44 ^ Sl4. itt, 44 LED(4)3-443 4 
44 *444 ntfls ^44 4 41^44 44»1 £44* 117} &ch 

an, 44 ^44ai)« ^4 44 44(8)4 44^- <m, 414*1 =t*i 44^ 444 4441 44 * 

#4. 4444 3*11 444 44 LED(4)S.^E]S1 44444 itSHS 44 4N, 3 q LED(4)5.Jf 
«ol ^44(11)41 ^71 334 ^4^(11)^3 #44^ 444 ^ $14. 4 444^ 444 

3^ 44 ^i, 44 444 #44 444 <r $14. 

34 t-4(9fe ^41 ipg^m 444 -t-41 444 -t- <£4. 

4^H(5)^m 4444 4£ 444 ^4 ^3 444 ^ 44. 4^s(5)i 443^ 3 

44* 4fe ^44, 44 4£ 44 LED(4)3 4^441 p>^ S (5)7]- 443451 44414 Z| ^ A>ol 7 } g 
4444 Sfe ^r44 44444. 

4£H(5)fe 44 LED(4)S44 f^AS ^:Sj-7fl 3fe 44 ^444 3(10) S43 444414 4444 LE 
D ^ = 3 ^fo £ ig-#Al7l 3*fl, ^44 ^4» 4444- 44, LED ^Hl- 4443 44^-3-4 ol-g-^ ^ pj- 
4^(5fe 4443 44 7> 34 Sfe 4 4 AS 451 #4. 

i*, 4*^(5)41 444(11)1 444451 #4. 144(il)« LED ^Hfe 3**1(11)* 4444 Sfe 

LED ^=4 4^44 ^3 H£7} q-4^Ai:L ^444- 4, 4 4 LED(4)S44 4#3^ ^4 444(11)1 ^4 
44 4il£L5L, 44 LED(4)S443 %lAjj LED(4) ?44 444 144(11)4 34 443:>1, 1431(11) 

41 s\n <^7l4 ^^s4 f^is 4f-»l ^#4^ fl(iO) S^^l 44^°)1 4445. 44^31, LED 4 

#^#5] *h n)-44£ 4444. rts. <&n, LED(4)^ e4°l] -f S-^^s. 44?fl 7>^<H4s, ^ 
^ LED(4) ^-457} nfl-f ^o>^ LED ^Hfe 4^4. 

LED(4)fe -^4^-°-S. 444^, =1 ^ 3(10)3 s^i4s. 444SS., m-s] ^o] 4£je( 5 ) ^ ^. 
4471 BflS-41 4^s(5) wfl^ 44£7> fe4. zlW, 4^tS(5) #i ^4^1(11)* t44^14, ^4 led(4) 
s^eI 444 =1^ ^» 4*^(5) ^3 ^4^ll(ll)i e\q 4443L, 314 4^s(5) ^3 fl^diH 3«fl 
^714 ^a^4 f^es. 41-4 4*44. °14 4°1 4*s(5)°ll5 fl^(ii)* #4^14^, led c-i^- 
i4£7> 44. 

H4, 4*H(5)i Ag -?-7] 44*14 -r4* °l-8-4 ^ SI4. 4714 ifls^i led 444 
4444, 4^(5)4 4^f ^4(8)<>(|fe i4 A l ^4 t471 ^4=1^ 4^h.s led(4) ^e43 4^ 
t^ls 4 4^S(5)4 iflY- =r4(8)4 44°14 44s?^ 44sl°l 44 Jl#^1 ^444. ^1, led 

(4) t343 4*^(5)3 4^1 44 3?11 ^14*144. 4^(5)^ %q LED(4)sJf^4 ^oj °i«i tfl^ 
*4 4M4 ^44, 444 ^sl 14^44, «1 4^1 34 ^43 44^ 4^H(5)i Ag *3 4?1 ^flJLl- 44^1 
4 =r4* ^l 44^-^*1 4^4 ^ Si 4. °14 44 44^(5)^ Ag 4 0 l^s4 ^4^1(ll)# 4*S 4°liH°n * 
44°1 ^114^4(3) 4i 44-s 47IS. £i*l?l ^4 LED(4)1- ^4 A 1^3*1 444^1 ^4*14 =r §14. 

44^(5)^ Ag 443 °H44 =r4 34 44 1st 4444 44 ^4^4 44^ 444 ^£ 44. 
4*s(5) 43 ^4 7fls^ ^443 44^4 4x4^, ^4 LED(4)s4^3 441 3*11 1434 ^4 4-2- 
44. <4«fl, 44 7(|SLS.4fe- 4, ^, 4^-44, 4^-44, 444, 4444, 444i, 44^4, 444^, I 
T0^44 1*4 444 4^44 444 44. 44, 4, ^, 4444, * *4 44^4 4444 ^44 4 
7l4ns £4^4 444-fe 4£4 444 444 ^ 44. 3L4, 44-44, 444, 4444, 444i 44 4^ 
^4 444 514444 44 4 S ^ 44. 44 ^4444 444 44 314 44 ^ ^44 4^, 41 
44 T^HhI 4 444 14AS 4 ^ $14. 4*^(5)3 ^4 43 44 *1s. 4444 44444 44 4£^ 
^ 4444 2:44 ^ 44. ^44, ^4 43 44 7fla 444^ 44 44 ^43 44?1 444, 444 4 44 
35.^ 5 *4 % 44^^44 80 ft % 44s 444, 214 60 *4 % 44AS43 80 *4 % 44s. 44 
a.4 4444 443 44^ 444 ^ 44. 

43 44 44^(5)4, 44 LED(4)7} 444 3^(1 4434 44^ Ag 43 44 4 a* 4444^4 
44^(5) -r43 44 34 441- 444 ^ 4441 34 44 44* 44 44 44 3l^3 441- 4 
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444 «8=3l« ^4 a 34 4 $14. a*, 3 #31(11)4 44B(5H51 44*1 3 AiM LED Hit 5] ^fc^ 
4€ 4 $14- 

o]o)] o}Sj| 4444 AV-S--^ &44i 44 *144 nj|4 ^-8r Hfl5l4 444 7>Tf«l LED ^4 

^4 4 $14. 314, 445^4 7 fl S s. 6 l-g-^-A5L*| ^ LED(4)4 4^4 4^444 JI, AJ} ^fOj^ 3 
711 4 4"51 $14. 

512^ 511*11 514*1 LED ^4 ^ LED(4)4 # ^-fr 5l4^tL LED(4)4 4^ 4^iLSAi, ^1- §■ 
^ 4-sM6] 4^(41)4 SJi, 4 44(41) 441, MOCVDH ¥ i ^-sfl ^44 45131 4°-3-Ai, °fl4 44 

Hi 31 #(42), n3 5^S4(43), n3 €efi^(44), MQW(multi- quantum well) t^#(45), P 3 #efl^#-(46) £ p 

3 4^1=4(47)4 *H|S 3^4^, ^44^, 44 ^o)l 44 P 3 ^1=#(47) 44 43l4°ll 44^ 4 
4(50), 44 A 3 44(50) 44 °J-¥-°)l p 44(48) S €-^1=4(43) 44 <34i n £4(49)4 3^4 344. 

444(42)4, 414 44 444*1^1, n«§ &«!Ht(43)^, i» #4 GaNAS 44444. 

n3 #4)^4(44)4, 414 44 Al, Ga^ N(0 < y < DAS 444*1:2-, P 3 #41^4(46)4, 414 44 Al x G 
!- x N(0 < x < 444*1^1, P 3 ^1=4(47)4, 414 #4 Al z G ai „ z N(0 < z < 1, z < x)AS 4444 

4. 314, P 3 44l^fK46)4 4^ ^4 n3 #efl5L#(44)Sl 4H 7^4 HTll 44. n3 4^4(44) ^ p3 4e|) 
H#(46)4 4£ 2^3 4^4451 #4 ^44 ^S7> 4 514 4 S i^4 T^S =^ ioo A 444 44 

hv^^Ibvo] ^#s)ir 4^4451 #4. 4 4414 100 A 44s 4^4, 4 441 n?»44 4*3 ^44 4^344 

MQW «4#(45)4 InGaNAS. 4^4 4 4^3] -f#=f 4, GaNAS. 4444^ 444 HW^fAS 444 
44. 314, 3^4*4 444 S «fl ^ °1 x'flfe 100 A ^14, 4#^4>fl^ 60 ^fl^l 70 AS ft4 

InGaN^r '4^^ s$Q6\ tfe AlGaN4 2£ Al* it4fe ^E^H ulsfl ^-E.^|-f as, I n GaN4 *^#(4 

5)^: ^4fe fAS 2l#?b 4 3^<>1 fl7l-7l <H 3^*14. MQW * 

^#(45)^ InGaNAS ol^^^- 4^s] -f##4, AlGaN^S °l*<H*lfc ^^±2. ^§fl £ ^4. 

£4, AlInGaN5lS -^l^^^l^ 4x^1 4-#f i 4, AlInGaN*.S ol^^fe 4^ ^o\^s. =?-%*b5L #4. 4, 
*flBHf^1 «h ^ -f**^ 7 I <=H^i^ii4 371) 44. 

SE4, MQW 4 A J#(45)S.4 44°! °1 714(41)^, <4* ft<H ^«|B*(43)sl ^^#(42)^1 44#1- 
«fl£ #4. 2-4 44** MQW *^*(45)«1 3#5H Slfe 44°1^ 714(41)^ a44 s4°1] «^^| 

£ #4. l&AVSsg: 4^^( 45 )AS4^^ 4*4°11 TflSfl ^tfls] B}A>^^ £;a $1^ ^o] 44^ 4^, i« I- 6 ! Ai 

a S^^IH GaNTil^l 44^ 4#4as ^a^§))c aup^-i- ^sifo^ 4^#(45)o.s4^^1 4# 
4# 44f^H 444 ^ $1ji, *^^(45)^.s^-ei^ 4*4^ ^4 44* 4^ A l?i 44^-S^ #^4# 
Alft ^ 5^31, 4£S(5)«H 4^ 44 a!44^ n 4444 4*14 4 $14. 

°I4 4°1 ^€3-3 LED(4)^ 44 44^1 €4^1 44 50 nm °14, 44^14711 40 run 44. 24, % 

^ LED(4)51 sflH 44 444 380 nm xfl^l 500 nm^l ^fl^l, 41* l" 0 ! 450 nmi $14. 

°14 4°1 4^4 LED H = i 514^1 =^1^(1, 2) AH^ ^oj-^. ol7}4ia, LED(4)7> 450 nm 44^1 
44 4444. 44 ^14 4*1(8) 4^1 H**K1D* °WKj1, <^ 7 14 560 4^1 570nm^l 

4^ 44 4444. 44 4*1(8) 4^ ^4 4^ 444 *4 5)Jf ^(g)# ^44^1 ^14^ ¥4 
£1*14, a. 444 S4 , ?14^ 4i¥ 4^As a.<>lji, 44^as LED H = ¥ s^AS 444^- $1^ 5i^l^ a. 
•514. 4, ^431iai4r LED(4)7l 444^ ^4^1 4444 ^4 4tH°11 $14 ^^iL4 44 

4 4 4^4 4444. 4 4^44^ 44^1 ^444 ^44^s^l H.4 714^ «i^4 "34 4 $14. 

5134 4 4^^1 44 4*1^1 7il3 4*1 ^Bflofl 44 43 444 4*1^1 44* 3E*l*)-ji, (afe Ji45£, (b)¥ (a) 
^1 A-A4 445144. 

4 5130II 514^- ^ 4*1^, i» 44 ^ ^04^1 ^ 44S 4*1 £A| ^44 ji, sfl^s] oitf|s.o_ 
^jfEl sfl^s 44 iAi§H Hi 444 ?1 ^4^1 £-44 44°11 4714 444^^1 =l 4 

4 444 71 ^ ^ Slsl, 444 Mi 44 44 44 4 4 $14. 
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4, 4^§ 444 44^ ^4 34 344 £^(70)4, 3 £44(70)3 443 e>H133A£ 343 

3 nfl^ AS^ £44(70)4 444A.3. 344 443 43 LED(4)4, £44(70)3 *3 #44(70a)4 334 
4^ 44 A3 43 £44(70)3 444 ^4 444^ 444 33^(71)4, £44(70)3 #44(70a)4 344 

^3 444(72)3 4333^. 334 A44 £44 ^§443 3433^ 4444 £4(73)4, £44(70)3 
#44(70a)4 33 4433 343 W^KlDlr^-n-mr^ 4«-(74)4- 43 43 4433 514- 

£4, 4 33 LED(4fe 43 433 ^ 3£ A33 43 44 ^44 444 434 44££43 A3 443 
44 443 443 £4 444 33^(71)3 4433 $14. 444 £4(73)4 ^4 LED(4)£43 #44 44 £ 
44(70)4 3433 444^434. 

34 43 434 43 444 433 $134, 4 33 LED(4)3 44 443 47>34, 444 4 33 LED (4) 
£43 #444. 3 #444 £44(70) 44 A3 44££ 4*§4A 444(72)3 334 4444 £4(7 

3) ol] rga} wU} 44443 #44(70a)A£43 44(74)4 4443 433 #44A£4 4444. ^3 LED (4) 

51 #444 44(74)4 444 33 347} 43(11)3 33 *43a 443 44 4433 #444 33 3 

4 44(74)3 ^i^o.^t] ^s)^ 4444 ^4 44 444 33 si 6 !, 31: #3 444 43A43 333 
44. 

o]4 44 X| 3 £X\ ^Ef]^ ^ 4-40H nf-ei^ ajAJj LED(4)£433 #444 £44(70)A£ 

3 A 3 ^44 44 £44(70)3 444(72)3 334 4444 £4(73)A£ 44 443343 #44(70a)A 
£43 44(74)A£#44a 01 4f-(74)i $133 14 347} ^43(11)3 33 443A 433 44 443 

3 #a>5)£s 4^4 43 34 • 44 • 333 4 33 led 4 3443 ta£ 33 LED(4)4A 
£ 4434 «!3A£ t 4 $14. £4, 343(11)4 33 LED(4)7} 33 3443 i^s 33 4 ass, $ 
44(11)51 441 4714 33t 4 4443 434 4^ 443 A33 3^1 44t 4 $14. 

3 43, 44(74)3 445m ^43(11)3 441 4 ; SA£3, «W4 434 4^ 43 444^ 44 7>4 
444. 44(74)51 44 421- 44 4°14 4^s. 4^ **h, ^7} 4^ ^4^1(li)» 444^:- 44(74)4 
44 f4-§wl*fl 44, 44(74)4 a44fe 4^ 44^1 7>4^14 4 $14. 

at, ^4^11(11)^ 44(74411 444?l^r 44, 44(74)51 i4i £i«fl£ 44^14 ^4 444 S4« £4 

4 $14. 

3E4, ^4 LED(4)fe £44(70)0)1 £44(70)4 443 A3. ^451*1 $144, ^1 4°fl ^4 LED( 

4) » £44(70)51 444°11 344744, LED(4)5l 444 4444 ^ 44£ 44°11 5lsfl £44(70)^1 4 

44A£ 4£4AS«1, ^4 LED(4)4 £44(70)4 444A3. 34*ll£ #4. 5ft, ^4 LED(4)^r l7l!4£ # 

4. 

£4^r, 4 4^51 Q% 4-4 Si XI 4 ^Al ^Efloil SMD(Surface Mounted Device)^ ^1 LED £^44. 

led HHfe 014SI ^44 4^4. 44^4 4fe 4^1 i4^1 43 34(80)51 444 ^4^., 54 
433AS 433 f 43fe 27113 4i 34 ^4 44(81, 82)3 34 ^14 =«1134 ^44^. 34 44(81, 82) 
43 44^333 n (83a)4 4^ A3 "3 (83)4 4344. ^(83a)4 n ^43 ^3 led(4)3 4#44 444^ 
443AS. 33 $14. 34 34(81, 82)4 333AS. 4-a, 34 34(82)3 444 A3°J(83)3 ^33^r ^4 
3 4443 44343 ^333 $134, 4^ 4 34 34(81)4 A33(83)3 ^43^ ^43 4443 ^44 
£#33 44. 

33 LED(44r 34 34(82)3 443 4 43 44 343 43 33^A(84)3 33 313 4444. 33 le 
D(4)3 p 444 34 34(82)4 4 AS. 4 43 433(6)3 331 344^-, ^3 LED(4)3 n 444 34 34(8 
1)4 4 as. 4 43 433(7)3 33 3444. 

A33(83)3 3(83a)3 ^33^ 44 3fe -as* 43 4^33^ 443(88)1- 4444. 443(88)3 33 
^3 LED(4)^ Ji344. 443(884r 434 27>3 44#A£ 4444 443 £4 44 4A444 4 
43 £4 44 4A44-34 444A£ 4^ S43(ll)7> ^^44. 443(88)^r 343 43 ^ 43^ 43 
34. 
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^4*ll(ll)7>^<34 444(88Kr iE31 0 J(83)4 ^(83a)4 ^§44^ ^4 4 7>^*| ^444^ HL4 = 
31 <3 (83)4 ^h £ ^^ s b^ ^444 $14^ #4. 

4714 *°J4 4^*i|(88)fe 44^* 4 *<34:E #4. 444H 51*11 444 ^4 LED (4) 

^444 44 44444 444AS 44 LED(4)5L444 %°] $**(11)<* 44 444 H 4^1(11) 

S « 4 444^ 444 *7>A]Z] ^ Si4 o] S^fe Stf *J <^£j^ 0^31, ^]5] #44 - 0,4 

44 £ol 444 SMD^§4 LED ^541 444, 3*1)4 Bfl^(81, 82) 4°H1 444 47>44 ^4 LED(4)7> 450 
nm4 444 ^4 «^ 4444- 44 4441(88) 44 ^431(11)*- 4443, 444 44(llfe 560. 4 

4 570 nm4 444 44 4444. 444(88) ^4 ^44 % 4 3^4 « ^44 ¥#444, 3. * 

44 wo. 440] flflAjj^ S TJ^^AS. LED -gS^r 4443 $l¥ 44^ JL^l^-. 4, 

(life ^4 LED(4)7> 444¥ 444 «H 431 4444 ^4 jaj] oi^ ^^4 440] 4 4^ 4 

444. 4 4^44¥, 444 H441 5^44^4 fi.4 £^ofl 7 >44 rfjAlj^ 034 ^ oj^. 

£5¥ 4 444 44 444 45 44 44°ll 44 LED ^ = 4 £444. a. 4 a] ^Efl^ sgAfl LED(4)« 444 

^5] lit 4 $1^4 ?1 ^S, £1 444 3ty#<& H_± £4(91)1- ^7>4 4 

4 514. 

JE5<*!1 £44 44 44 444 ^j- ^4(91)^ LED(4)4 ^44 4^4 3.7)3, 4444 4jr, ^ LED 
(4)4 4«5) 444 ^44. 4 ^a] ^4)^)1 0144^ 5Lio| 73-04 43 *^sfe 44^44 44 LED(4)¥ 
#^ ^ (flip chip) 4444. 444 Ji± £4(91)fe ^4 LED(4) S 4^ = 33(1)4 ^^7l fl* ^1^(92, 93) 
# ^H14JI $14. ^1^(92)^ £2i p ^4(48)i tfl*M^ fl^^ ^=I<H $14. €^(93)£ n 

49)<fl tWHr -S^l^ji, a* 4°H(6)43 -§- d l*>7ll 47I fltfl, 4^°J- ai ^4(91)4 ^ 

^AS ■a^'KE^ ^^5l<^ 5^4, 4^oj- 4.4(9!) ^voj ^^(92, 93)^ 44 Au ^^(94a, 94b)* 7\%tf % 
4 LED(4)^1 P 44(48), n 44(49H ^^44. °1 44*3- 2Jl i*K9iHfe 44 0 14^1 44°1 °J7>514 
f-4 4^|7> 4^ ^114 4 (i l-2.H(zener diode), 1^ 44^: fl^r^-fe ^44 f"* °144 ^ 44. 

.E6£ 444 i4(9i)i ^114 4°R^1- ^ 5=*1*4. 444 II ^4(91)5.4 

^1 4M 4°l-2-£.(95)^ ^4 LED(4)°11 4714AS ^1 ^#4-^, %q LED(4)sl ofl il H(anode)4 4°1-2.H 
(95)^1 ?HiH(cathode)7> ^^s] ji, ^4 LED(4)sl ?fl±S.4 4H 4°1 ^(95)31 ffliiH.7l- $14. 
= ell°J(D4 21 h =ell°J(2) 4°H1 4^14 44°1 471-4 n 44°1 ^14 4°liH(95)4 ^14 44^: a44 
4 ^4 LED(4)3i 444 44^ 4^ 44A^. 444°1 °1 ^114 44 °14°1 3fe 44. 444, led(4 
)<H 4^14 44°1 47l^fe ^4 44 4 ^ 4^, 44 44^43 ^ ^ LED(4)» fiSs}^ i4 4^14 ^4 4 
4^1 444 4^14^ $14. 

£.74 444 3L3. i4(9Di 54^11- oi-g-si- 73 0-0] jjst £Al44. 444 n ^4(91)^.44 ^4 

4(96)fe A4 444 ^ 44(chip type component)^ «144 «r $14. °14 4£ 4^ ^^4(96)^- 4 4°I1 4 

44 d l -S^^ji $13., °] 44°1 LED(4)4 <fl3c= 4 ?fli^^l ^4 ^444. 4^ 54$J(l)4 els. = 
ell °J (2) 4°1°11 4^4 44°1 47>€ ^4, °1 4^ 44°)1 ^14 *4 447> ^44(96)i * = 3i, $^4(96)^1 4 
44 444 4^ LED(4)<fl tfl* 47> 44°1 ^sx] »£4 47) ^l^°ll, ^4 led(4)«: 444 

iL^Jf^l ait 4 $14. a4, ^4 444 S44^r ii<^la7> 47>4 ^§4£ S-44(96)7> 4°1 41 ^(bypass) ^ 
44S. 4 7144HJ4 3l2fl icolai- nfl^l4 =r $14. 

aj-714 44 4 6 1, LED(44r £H1 44 44* 4444 4 B d ^ 444 ^4^- $14. =1 6 14^ 444 a 
1 i7K9i)4 4^14471 ^s-i, 444 ^4(91)4 ^4 led(4)31 <g= ^ 47^4 ^4°! 4A«ll44. 7} 
n, ^4 LED(4)4 444 ^(91)^1 444 4^ 4°H°ll sl«fl ^44 4^ 471- 47>4h.s. a^a^o] 
445)3, 4^ 4°H444 ^4, 44 4°1 f7RHS 444 44* ^7} 44. ^4, s J Aj l le 
mm *H ^ 44AS 43 $14. 4, £2i 5la]* a>4o]o] 714(41)21 444 ^44 As 44 p 44(48)4 A 
u ^H(94a)» 4 44 444 S-S- i4(9D4 44(92)^1 ^43, n 44(49)4 Au ^ =(94b)4 4 44 444 
ill ^4(91)4 44(93)oll ^444 4^ 444(6, 7)1- led(4H ^444 4^4 4^. §14. £t, ^4 l 
ED(4)4 »^ 4 7^4-, £2i £44 44(50)4 4^44 44i>-^ 444 4 $14. ^4, p 44(48 
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)4 it44 ^°P\ 4^4 n 44(49)4 4^4 444, 44 n 3^(42)4 ^flf-Tll £4^11 41 4 

^AS nSL #4. 

44 4*34 44 44 £54 4^4 4^4, £l°fl £44 ^ofl 4 4 44 0.3.4 4 4434 :M4l47r, 44 
4 iLi ^4(91)1 444 3H 51*11 *J44 ^-41 44 4444 47h44£ 44 LED(4)« 444444, ^34 4 
41- s. 4444 4fe ^ &0144, g^, 444 ^ ^4(91)7]- 4-S- p}4;e S 4 71^es %q LED(4)1 # 

^ ^ 444|£ 4*3 444(6, 7)4 ?J44 5U444 4*3 444 *4^r 413 7Kr ^4 £14 4-^4 3 

44 44 ^4 44 4444 ^4 <8* ^ 514. 

]£4, £5 S £64 444 4#<# 4i4(91)4| 4£^1 ^4# ^4, 44 44^495) 444 <S4 

44s 401 o _5L# 444 4^ 504 o] ^4, 444 44$ tHAE.* 4H 44 211 ^44^, =1 £ 

4 444 4.4 44(4 0.7 v x 7fl4)4 44 4444 414 44 44 444 4^4 44^ 44.2-^4 4* 44 
14^44 

Et, 444 ±LJ: ^4(91)4^ 7}4 44 i4(variable register)!- 444 4£ $14- 4 7} 4 44 £4tt 4 
7} 444 47H 4444 4444 4^4fe 4^4 £3, 44 44^(95)4 447>4s 4444 4*114 4 Si 
4. 

£84 4 4^4 44 444 46 44 3 44 44 4£4] 44 441- £444. 

4 £84 £44 4£4l 44 44fe 44 i4£44 444 44 44 ^444 4^4 44 4441 444 
444^r 334 ji, 444 £14 £44 4^ Helled, 2)4, ^1^^(3)4, ^4 LED(4)4, 4£^(5)4, 4^ 44 
4(6, 7)4, ^ 441 (11)1 S444 ^4 44(8)4, 4^ ^r4(9)4, 3(10)4 i44fe 4^ 44, 44 44(9 
)4 44^1 4444 i44i 5E4 ^44](ll)l 444^ 444 ^4 44(100)1 4444 4^44 $14. 

^4 44(i004r, 41 1-4 44 714B 44 LED(4)4 44°fl 4-5fl 4444 ^44 44fe ^4^(11)4 
4444 ^^44 $14. ^4 7]^^, 14 ¥44 SeH^e =r4, 4^4 44, 4^114, 4°^^-, 4^^ ^ 
4, ^4^1^, #s|i4#, «1I4#44H, CR39(4a4 • • 4^14^ ^ ^0}^ 4^ 
•r^lfe ^4 ^^(lOOH 4£ ^£4 4^^* 444ss 44 ^r4(9H4 444 -8-444. 

314, ?14(100)^ 44 44(9)4 44*11 444^ ^4, ^ 4* *§44 m W 44 ^44 4^4 
°^41 ^4* 4^'- 4^- ^r4(9H 4t 7Ht4t)1 4444 Sl4. 314, ^4 44(l004r ^4^1(11) 
o\] 4^ 4444 4tI1 44 4«H 4^ €4^^ 4^ %*] 44444. ^4, ^4 44(i00fe ^441(11)1 4 
44^ 444 4# ^^41 4^1 ±$ Wsls, ^^4 ^, 4¥ n"4(9)oll 4444 4^4 44^1 4^4 4 SI44 
, 44 44(9)4 *34 44(100) 444 *444 ^44 44 ^«fi, ^441(1 1)1 £44fe 44 flsf 
44 44(9)4 4^ ^44 4, ^444 ^4 44(100)1 ^^^£ #4- 

44 44 4^4 4£41 44 444 §144, LED(4)s444 #44^ 414 44(8) S 44 44(9)1 4 
44 ^4 44(l00)s o g444. 4 °J444 °d47l- ^441(11)4 441 *44^, *44 44 4444 44^ # 
444. 44 441 W 44(100)4 4?i^s44 444^r 4444 ^4 4^4 ^14 ^2, 4» #4 4 
^4 44^44 ^44 44. 

44 44, ^16 44 ^44 4£41 44 444 4^4, LED(4)4 44 ^441^1 414 44(8) ^ 44 44 
(9)4 ^441(11)1 4444 44 44(9)4 444 444^ ^4 44(100)4 ^ 441(11)1 444 4 as 
vfl4 44(8) ^ 44 44(9)44^ ^441(11)4 44 4444 ^344 4^4 £4, ^4 44(l00fe 44 
41-^4 444 4^4, ^441(11)4 44 4444 4^4 44. -?141, 44 44(9)4 4^44 ^4-4 0 t]4 
^4(44 44 ^444^ 44^)as 4^4 44fe 444^4 ^4 4 9X^-, 44 444 444^ fl£4 
441 44i4as 444 4 44- 

4 44, ^4 4 4(100)4 4 4 ^4 444^ ^441(11)4 44AS4, 44^4 444 4^ 44 4 
44 £ 44 7}-s-4144. ^4 44(100)4 44 4^1 44 444 f£i 4xr 444, 444 4^ ^ 441(11)1 
444^r ^4 44(100)1 44 f4 44^0 44, ^4 44(100)1 5?44^r ^4AS 4444 #444 4^ 
14^44 4 $14. 
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a*, ^^Kiife W ^(lOOMI f-n-^l^l^ # ^H, S# ?1bKioo)3 3#.<q s&qs. 3-fM?I ^4 £ 

£ I4t T 9-M. JE oji=. ^-jESfl if# rt^H 3* 3^ Hi (100)* =8-^ T Sa^-H-S, ^^l * 

3k°], 4 3* H#*|S 3fe LED cj>r#3M, ^ bHM #*1, -il Jl7l, 

1 

^5l# tilSL^l^ ^ £#q t # 7 ] ^ yj^ ojy.s n QSH ^#32)- 

#7l ^^ir 5Mf ^4 iit^AS ^l^M^r 3* Sfe ^ 

2 

#7l ^#^lfe- -fHf^S ^el SLff- ^4 f^^£ ^AS S>fe ^ #*1. 

St 1 * 3 

q ■ 

(2 - x - y)SrO • x(Ba, Ca)0 •(l-a-b-c- d)Si0 2 • aP 2 0 5 bAl 2 0 3 cB 2 0 3 dGe0 2 : y Eu 2+ 

m ^, 0 < x < 1.6, 

0.005 < y < 0.5, 

0 < a, b, c, d < 0.5$) 

(2 - x - y)BaO • x(Sr, Ca)0 -(1-a-b-c - d)Si0 2 ■ aP 2 0 5 bAl 2 0 3 cB 2 0 3 dGe0 2 : y Eu 2+ 

m f% 0.01 < x < 1.6, 

0.005 < y < 0.5, 

0 < a, b, c, d < 0.5$) 

3- ^Wllfe Sfl- ^4 4Sfl-^^oljl, ol ^-f 4*1 ^Ml a, b, c g dS] & ? ^<Hi ^7} 0.01JB-4 & 33 

4 4^JA5l^ 

TflllH SH*!, ^7l #7l t# i4« 34 t-H 4<3^ 91^ 34 §14 ^4 

t|41H 531 #71 ^4 4*1)^ ^§4*1^ o]4<>1*14 5!* ^AS S|4 ^ #*1. 

71HLH1 sa^-H, #7l 34 4*H4 «W 4*1 s ol4<>1*14 3!4 ^as §m 
St 7 -* 7 

7)H#41 sa^Al, #7l s|4 4*H4 *I43 4b1s oi^^fe 34 ^fl £ ^ «j-# #iq. 
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314 4*Ife SKMfl7> SI^ t# 

t|4^ ifl^] ^18% ^ ^ * f-«ll Sl^H, -^-71 u)4 JjMfe 4|2 314 ^MH ^*fl 4^ 

10 

37* 11 

fe^t^AS «}ir Ifr* #*1 . 
37* 12 

^ll*^ 5^4, 47l 1-2)1^ Al x Ga L _ x N(3r, 0 < x < 1)AS ^^xjjl, 

^7l #2flS^ Al 5 , Ga x _ y NOEt, 0 < y < <>l^*lfe ^ ^l. 

37* 13 

*flll* JE^r ^12^H1 Sl<>H, ^"71 p *§ #2fl£12l «HH. ^ Aj 7 l n ig ^eflHSl Mfl5L 7JS4 a ^-fi- 
37* 14 

*U0*i 5d*H-H, *?1 ^7>ai v t ^-^ ^ o.- ol^ol^l^ ^4 a^ i£ ^ ^ 

37* 15 

*ll 14**11 5d°14, * 7 1 ^ T-* 7^ InGaNAS °14°Mtt 7##4, GaNAS ol^^fe ^sH* s.s 
°14<>l*]fe $4: 4^3 AS sfe m « 

37* 16 

*0 14*41 47| <£4 7^fe InGaNAS 4S-*4, AlGaNAS a^o^lfe Hfl el <H * AS 

fl^-<H^lfe ^ 4^ AS 4fe ^ ^1. 

37* 17 

4|14*<*1| 5^4, ^7l <£4 -f # MnGaNAS -W^l^r °. AlInGaNAS ^^lfe «1)2H? 
AS al4°W3., 

*7l tifl5l^^ ifflH ^ ofll^^ 4V7I 4#f^l «H 7 J <>ll^-HiL4 a. ^SLS- S>if ^ 

37* 18 

*)1 14*41 &<>H, ^"71 -f##5l 100 A *l*l- < ?i 5J€- 4^3 AS 5}ir ^ ^1. 

19 

S ol ^o]^ $4- s^l ^S ^ ^ ^1. 
^^j-20 

^11*^1 5a^>H, -8-71 i7fe ^^l^l m Sl^ 4^ AS St-^r ^ ^1. 

21 

>H20^"H1 Si^^, ^-71 ^Sj-^ir ¥W 4^AS ^ ^1. 
^^22 
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420# mi^} #7l ^^Mfe #7) ^ fl-#<9 ^ ^ 44^ 01=^^1^ 44 

^MHBr 314 4^ 44 #4 

^#23 

420#°11 $1°H, #7l %2k4$= ^ ^±3- ^ t# #4. 

^#24 

^l#°fl SU^H, '#71 44 i^-fe ^ 714 #4 1&2£^« 7l# 4#£ f^A£ 4^r 4# 4*1. 

^#25 

*1124#<H1 fla^, #7l 7144 A^o^ o] -f-44^ 44 4^ 44 44. 

3^26 

*fl24#4] W1, #7l 4# 4^ 44*<>1 l-S^W Slfe 4^ t# #*1. 

27 

:*261H ja°H, #7l 4#4^ 4#t<>l ajf-sH 5ife 71*5] £44 wVifl^sl £4°11 5ftfe 34 ^ 

^AS 4^ 4# #4 

*I1271HI Sfl<H*|, #7l 44f^ A1S 01 =Loixl^ 354 ^AS 4fe 4# #4 
3^29 

*0241H 5a<H-H, #7l 1J3*V£* GaN7fl^l 4^ 4# H K^.S. ol^o^lfe ^ ^S-SlS 4tt £# #*1. 
3 ^30 

^llH #71 <fr# £43 44 44<sj ^tiVxl 50 nm 0140] 4^ 4^ 44 44 

3W31 

XW, #7l 4# £43 ^4 4#3 ^ 40 nm ©14?1 34 f^lS 4tt 4# #*1. 

32 

*|1*HI 5tl°H, #7l 4# 4:7-1-51 3] 3 4# 4#£ 380 ihd iJ|4 500 nm3 ^flofl flfe ^-fr sfe 4# 

#*1. 

3^4 33 

Sl^H, #71 ^#5)151 Dflol 44 444 # 7 ] 4# i7>°l Tiflol 44 3)-^-Ji4 4 7^4 S-^O. jg. 4 

!&##*1. 

^#34 

Tfll^l S.H-# #7l 4# £4±r #71 4# dtW-El <£#^ 44 £<^H ##^?iiL^Bl f^r 4§?= 
#7l ^7l £#451 #7l ##^ #^1 4^AS 4*1€ 34 «m ^# #^1. 

^^#35 

#71 i7>7} H:#4 ^51 14^1-51, zl ^4ft «s] 444 4& ^#* ##§fe % #^)1 

4, 

#71 ^#^1* t-iH}^ ^^1* #71 ^ iflofl #4^1 3Q 2^ Jf7fl4, 

#71 ^7fl, 47l ^# M 4 471 pre 5ij=4 s]4*Rr 47fl» 4«1^ t# #^H1 54 <H 

4, 
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-*7l 4*3 £4 4# fl-4<^ ? 4 ^ 44^ ol^-ol^^ 44 o.jg. 4^ 44 44 

^ 4ft 36 

ft^ 1 €^ 3 GaN^I ftft# fti^S ol4°1*lfe LED |AS °14°Hfe 44 ^44, 

4?1 LED ^ °1 ^ft ^ <S4# ^r^Jl, n «4^ft 444 4^ 444 4^ 44ftfe ^ 4*114, 

A J-7l 4-n-ftfe ^-g-^Hl 3*f| -*7l LED 3°1 §14-^ #^lftfe 4^ 4*11* £fe 

4?1 W^lfe 4^3 £4 ^4 4ft <^1 5 ^ ftftS <>l-f-o^ -8-71 LED 444^ 44 47] ^S4 
sil7> 4#ftfe 4 si ^fti ^ ^4^4 44ft-£4 ft 31: ftfe 4*1. 

3^ft37 

4354 31fe ^1364*11 4°H, A J"7l 4# i4fe ft 4 £4°ll p4 S n4 44^ 431, ^14 Hefl^ 4i sfl^E] 

31, aft p 4^ £ n 4^ 4 6 H ^7l 4ft^ 7^4 3 SHI 34 I^AS 4# 
ftfe #4 4^ AS 4fe ^ 

^4*138 

3 ^ sl*\tH iL4 ^Ml ft?l *] %nm «Plft ^ 4^>as ftfe 4# 4*1. 
^ 4ft 39 

7)Ufti $1^4, #7l 4# £4fe ±LJl i7H S]«H ^^7lS^ iLXSlfe 7^4 S^jO S 4# 44 
^ 4ft 40 

7)1 39ft i -8-71 12 i4fe Tim !£fe S-TflA)*! ^ §^ 44 44 

^ft 41 

^I39fti Sl^H, ft7l J±il ^4fe TflL-i 40] o_c S ol-f-o^l^ 4 y. 4-£rS<>l Jl, 

^-7] 4# ^7l >|H ^ Hfl^Sli, £ft ^^7V ^7l <fl* ^AS Sfe 

^^-*J-42 

4^ el^L5] ^ ifloll B)|^4?l GaNT^] 4f-# fts.s)]s °1^7^ ^ ^44, 
-8-71 ^ i7} 7 > ^%ft «4 ^^-S *^fti, n #^ft 4^-4 4s 4^ 

-8-71 44 ^7} « 47] 4£j= 4441- 2)44^ #h 4^1- ¥«1ft " s v % ^Hl $a°H, 

471 ^ 4^im Ms] £4 4# ^ft^^l 44^ °14^t1 47I 47HI- a]4^r ^4 4 

^4^ 4^1 7l7fl 4^1 t^ 0 ! S!lfe 4^ As ftfe u ^ ^1. 
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